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Medium Term Business Cycles
and Technology Di®usion
??????? ?
This paper developes a general equilibrium model with international
technology di®usion. The calibration and simulation of the model show
that the di®usion of U.S. innovations (generated by U.S. R&D) to Japan
can greatly explain Japan's medium term business cycles. The model
reproduces well the patterns on output, capital, consumption, R&D,
hours worked and TFP.
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»t;i = ¥t;i=Nt;i ?????(2)???
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1¡µ (6)
K ????Kt¡1 ? t¡ 1??????????H ????H ????? £?
???????H = hN ?h???????N ???????T ?????
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(7) ????????????????????????????????
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??????????????????????????????????
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¯
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®
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V °Vt¡1 ¡A°Vt¡1
; d > 0, 0 < ® < 1 and °v > 0 (8)
¸1;t = d1
h
(·1N1;t)
¯
i°1;N
G
°1;G
t N
®
F1;;t; d1 > 0 and 0 < ® < 1; (9)
??????? 1????????d1 ? d ????????????????
???????NF1 ? NF ???????????????????????
At ?????\????"????????? blueprint????Vt¡1 ???
??????? t¡ 1?????????????????????????
?????????????????????????????????? t
??????????????????????Vt¡1???????????
????Vt¡1 ???????????
(8)????????????????????????????????
????????????????????R&D????????????
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??????????????????????????????????
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¯
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?????A?????????????????????????????
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Pt+l(j)(Yt+lPt+i(j)
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??????????????????
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rt+l
wt+l
=
Ht+l(j)
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1¡ µ

1¡ µ
µ
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wt+l
µ
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Tt+l
: (18)
??????????
MCt+l = µ
¡µ(1¡ µ)µ¡1 1
Tt+l
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1¡µ
t+l : (19)
????
(6)?? (19)???????????? (15) ??
max
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1X
l=0
Q¡1t;t+lÃ
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24 Pt+l(j)1¡ÁYt+l
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1¡µ
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¡ÁYt+l
35 ; (20)
?????????????????????????
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Á
Á¡ 1µ
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Tt+l
rµt+lw
1¡µ
t+l =
Á
Á¡ 1MCt+l: (21)
??? (20)?? (21)?????????????????? ¦t ?????
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¦t =
1X
l=0
Q¡1t;t+lÃ
lYt+lMC
1¡Á
t+l

Á
Á¡ 1
¡Á
Á
Á¡ 1 ¡ 1

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?????????? R&D??????????????????? R&D
????????????????????????(22)????????
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(1 + qt+1)¸t = ²¦t+1; (23)
????²¦t+1 ?????????q ??????????????????1=²Â
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2.3 ????
?????????????????????????????????
???????????????????????????????????
???
??????????????????????????????????
???????????????????????????????????
????????2012??????????
ect = ¡ ewt
D
; (24)
(1 + gZ)ect+1 = ¡(1 + rt+1 ¡ ±)ect ; (25)
ect + ekt + erdt = eyt + 1¡ ±
(1 + n)(1 + gZ)
ekt¡1 ; (26)
1¡ µ
µ
1
1 + gZ
rtekt¡1 = (1 + n) ewtht; (27)
eyt =  1
(1 + n)(1 + gZ)
µ
(1 + gA¤1 )
¡1
Á¡1 eA 1Á¡1t¡1ekµt¡1h1¡µt ; (28)
eA 1Á¡1t¡1 =  11 + gA¤1
 ¡1
Á¡1 Á
Á¡ 1µ
¡µ(1¡ µ)µ¡1rµt ew1¡µt ; (29)
~At =
² 
d
 1
1+®

1
1 + gA¤1
 ¡1
(1+®)(Á¡1)(1¡µ)+1 eV °Vt¡1 ¡ eA°Vt¡1 11+® erd 11+®t
+
Ã
1 + gA¤1
eAt¡1; (30)
erdt = 1 + n
1 + rt+1 ¡ ±
1 + gZ
1 + gA¤1
e¼t+1[ eAt ¡ Ã
1 + gA¤1
eAt¡1]; (31)
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e¼t+1 = 1 + rt+1 ¡ ±
Ã(1 + n)
1 + gA¤1
1 + gZ
e¼t ¡ 1 + gA¤1
Á
eyteAt¡1

; (32)
eVt = Â[ eA1;t + Ã(1¡ Â)
1 + gA¤1
eA1;t¡1 + Ã2(1¡ Â)2
(1 + gA¤1 )
2
eA1;t¡2 + Ã3(1¡ Â)3
(1 + gA¤1 )
3
eA1;t¡3:
(33)
????(30)?? d ? °V ?
d = d· ;
°V =
(1 + ®)(Á¡ 1)(1¡ µ)¡ 1
(Á¡ 1)(1¡ µ) :
?????? eVt ? eA1 ??????????????????????eA1 ?
??????????????????? 3????????????????
?????????????????????????????????
????????????? (e????????????????????
??Z ????????ec = (C=N)=Z?ey = (Y=N)=Z?ek = (K=N)=Z ?erd = (RD=N)=Z?e¼ = [(¦=N)A¤1]=Z ???????A¤1 ?????? A1
????????????????????????????????????
??????????????????????
eA1;t ´ A1;t=A¤1;t : (34)eAt ´ At=A¤1;t: (35)
????A¤1;t ?????? A1;t ????
A¤1;t+1 = (1 + gA¤1 ) A
¤
1;t
????gA¤1 ????????????????????? At ? A1;t ???
?????????????????At=A1;t < 1?????? eAt < eA1;t ?
????????e¼t = ¼tA¤1;tZt
???????????? Zt ????????????????2012??
????
Zt ´ A¤
1
(Á¡1)(1¡µ)
1;t T
1
1¡µ
t :
T ? (7) ???????????????????????????????
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? Zt ????????????????????????
1 + gZ = (1 + gA¤1 )
1
(Á¡1)(1¡µ) (1 + gG)
1
1¡µ (1 + n)
¯
1¡µ : (36)
???(24)??? (30)???????????????????????
?????????????????????¤ ??????????????
????? eA1;t = 1????, A1;t ´ A¤1;t?????????
ec¤ = ¡ ew¤
D
;
r¤ =
1 + gZ
¡
¡ 1 + ± ;
ey¤ = ec¤ + 1¡ 1¡ ±
(1 + n)(1 + gZ)
 ek¤ + erd¤ ;
ek¤ = (1 + n)(1 + gZ) µ
1¡ µ
ew¤h¤
r¤
; (37)
ey¤ =  1
(1 + n)(1 + gZ)
µ
(1 + gA1)
¡1
Á¡1
 eA¤ 1Á¡1 ek¤µ (h¤)1¡µ ; (38)
eA¤ = (1 + gA1)  ÁÁ¡ 1µ¡µ(1¡ µ)µ¡1(r¤)µ( ew¤)1¡µ
Á¡1
;
(39)
1¡ Ã
1 + gA1
 eA¤ = ²
(d)
1
1+®

1
1 + gA1
 ¡1
(1+®)(Á¡1)(1¡µ)+1
eV ¤ °V ¡ eA¤ °V  11+® erd¤ 11+® ; (40)
erd¤ = 1 + n
1 + r¤ ¡ ±
1 + gZ
(1 + gA1)
2
(1 + gA1 ¡ Ã)e¼¤ eA¤; (41)
e¼¤ = 1
Á
(1 + r¤ ¡ ±)(1 + gA1)2
(1 + r¤ ¡ ±)(1 + gA1)¡ Ã(1 + n)(1 + gZ)
ey¤eA¤ ;
(42)
eV ¤ = Â
0@1¡

Ã(1¡Â)
1+gA1
1
1¡

Ã(1¡Â)
1+gA1

1A : (43)
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3 ????
?????????????????????????????????
? 1960-2002????????????????????????????
??????????? 1?????????????????????? 4
???????????????????????????????????
????????????????????
3.1 ??????????????????????????
(24)??? (30)??????????????????????????
???????? 15?????????????????????????
®, ¯, µ, Á, Ã, gG, gA¤1 , gZ , n, ±, ¡, D, ², d and Â?? 1?????????
???????????????????????????????????
???????
® ¡ µ Á Ã gG gA¤1 gZ
0.25 0.96 0.36 4.33 0.82 0.0009 0.025 0.014
n D ² Â d ± ¯
0.0087 -0.021 0.1 0.5 4.52 0.085 0.095
? 1: ???????????????????
® = 0:25 ? (10) ???? (11) ??????? R&D ????????
0.8????????????????????????????? Branstet-
ter (2001) ????? Bottazzi and Perri (2007) ???????????
?Branstetter (2001)? 0.81?Bottazzi and Perri (2007)? 0.79?????
????????¡? Hayashi and Prescott (2002)????????????
????µ ????????????????????? 0.36??????
Á??????Á = 4:33 ??????????????????? 1.3??
???????????????????????????????? 1.2
?? 1.4???????????Basu and Fernald (1997)????????
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???????????????
???????????????Á? 2??????????????Ã ?
?????Ã = 0:82 ????????????????????????
???A? obsolence????? 18% ????????????Mans¯eld,
Schwartz and Wagner (1981) ? 20% ? Pakes and Schankerman (1984)?
25% ? Caballero and Ja®e (1993)? 10% ?? 12% ??????????
???????????????????????????????? 18%
?????????Ã ? 2??????????????????????
???? G?????gG?? 0:0009???????? Hansen and Prescott
(2002) ? Parente and Prescott (2004)????????????????
???????????? n?????????????????????
??????Á??????Á = 4:33 ?????????????????
?? 1.3???????????????????????????????
??? 1.2 ?? 1.4 ???????????Basu and Fernald (1997) ??
?????????????????????Á? 2???????????
???gA¤1 ?????????????????? gA¤1 = 0:025??????
???? Bottazzi and Peri (2007)??????????????????
????????????????????gZ ????????? (36)?
????????? n????????????????????????
???D ???????????????????????????²??
????Comin and Gertler (2006)??? ² = 0:1????Â??????
Eaton and Kortum (1999)??????????????????????
??? Â = 0:5???? ???????????????????????
?????????????????????1=²Â?? 20????????
?????????? d ? Bottazzi and Peri (2007)??????????
??????????????????????????Bottazzi and Peri
(2007)??????????? A?????????????? A1?? ?
?????????????1999????? A=A1 ?? 0.35??????
????????????????? 1999???????????????
??? eA¤ = A¤=A¤1 = 0:35?????? d ? (40)???????????
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????????????2)?± ???????????????¯ ????
????????????g¤W1 =
1
Á¡1gA¤1 + ¯n1 + gG ????????g
¤
W1
????????? A
1
Á¡1
1;t (·1N1;t)
¯Gt ????????g¤W1 ???????
?????? 2????????????????????????
Y1;t =W1;tK
µ1
1;t¡1(N1;th1;t)
1¡µ1 (44)
W1;t = A
1
Á¡1
1;t (·1N1;t)
¯Gt; (45)
???????????????????????? (24)??? (30)??
???????????????????????????????????
(30)?? eA1;t ????????????????2012???????????
??????????? eA1;t ? (11)????????? R&D??????
???????????????????????????????????
??????????????????????????????TFP???
??????????????????????? R&D?????????
???????????????????????????????????
???????????????????????????????????
?????????? R&D??????????????????????
?????????????????????????????????
????????????????????????????2012????
?????????????????? (30)????? R&D??????
???????????????????????????????????
???????????????????????????????????
?????????????????(30)???????????2012???
???????????????????????????????????
???????????????????????????????????
??????????????????????????????????
2) d ??????????? D ? ¡???????????????? w¤ ????????
??????????????? D ? w¤ ??????????? h¤ ??????????
???????????????????????????????????????????
??h¤ =\???????????????????"????
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???????????????
??????????????????????????????????
?????? eA1???????????????????????????
???????????????????????????????????
??????????????????????? eA1 ? (11)???????
?? R&D??????????????????????????????
?????????? R&D?????3) ????????????????
????????????????????????
??????????????????? dynare??????dynare??
????????????????????????????????????
????????????????????????????????????
??????????????????????????? pre-determined?
???????????????????????????? pre-determined
????????ek(0)? ~A(0)???????????????????2002
??????????????????????ek(0)? ~A(0)???????
???? 2??????????????????????????????
?? TFP?????? (37)?? (39)??? ek(0)? ~A(0)????????
??????????????????? ~A(0)?????????????
???????????????????????????? ek(0)????
??????? ek(0)???????????????? ek(0)???????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??? ek(0)? ~A(0)?????????????????????????
???????????
3.2 ??????????
??????????????????????????????????
??????????????????????????????Christiano
3) ????????? Blanchard-Kahn condition ?????????????????
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and Fitzgerald (2003) ? optimal band pass ¯lter?????? 40????
???????????2??? 40??????????????????
???????????????????????????????????
???????????????????????????????????
???? GNP?y??R&D???rd?????c?????k???? (A)???
??????????????????????h????????????
???????????????????????????????????
??? R&D?????????????????????????????
????????????????????????? R&D???????
???????????????????????????????????
????????
? 1: ??????????????????????????????????
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???????????????
4 ??
??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????? R&D??????????????????????????
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